Sign-tracking is a form of autoshaping where by animals reliably develop conditioned responses toward stimuli that predict an outcome. While the assignment of some value to a predictive cue may be adaptive (i.e., to be alerted to food and water sources), the attribution of value to predictive cues can be maladaptive as seen in behaviors elicited during addiction. Here we test if responding to the predictive cue changes in the context of other cues that are only partially predictive (Experiment 1). Previous work on sequential cues leading to reward have shown a bias in responding toward the first cue in the sequence over learning Smith 2018a, 2018b). Here we test if this effect is unique to discrete cues or if a bias in responding can be seen in a single, long cue (Experiment 2). Finally, we investigate if sign-tracking responses can reliably develop towards a cue that arrives after the delivery of reward (backwards conditioning, Experiment 3). Together, we aim to address various gaps in knowledge about the nature of the sign-tracking response.
Group Long CS received five days of 50 trial extinction sessions (i.e., CS+ levers were presented and feeder noises occurred as during training but no pellets were given). Group Control continued with the same training paradigm they had received during the first 12 days, except no trials were rewarded. Extinction was followed by an extinction test (received training paradigm in extinction) and a reacquisition test (received training paradigm; Fig. 1B ). All groups were counterbalanced with right or left levers as CS+ levers.
Experiment 3: Backwards CS
Training began with a single, 35-min magazine acclimation session in which pellets were delivered with a probability of 1 pellet every 30 sec. Group Forward CS received 25 trials of a 10 sec presentation of a lever followed by the delivery of two pellets. An average 120 sec ITI separated the CS+ trials from the delivery of CS-trials (presentation of the opposite lever in the chamber followed by no reward delivery). Trial structure pseudorandomly delivered the CS+ or CS-trials, limiting to no more than two of either in sequence. Group Backward CS received 25 trials of two pellets being delivered (4 sec delivery period) followed by the 10 sec presentation of the CS+ lever. CS-trials were the delivery of the opposite lever in the chamber followed by nothing. Trial structure was the same as Group Forward CS (Fig. 1C) .
Results

Experiment 1: CS Manipulation Training
Q1. Is CS+ (exp) different from CS+ (control)?
The presence of a differently reinforced lever did not impact presses toward the fully reinforced lever; all animals pressed similarly to a fully reinforced lever ( Fig. 2A) . A linear mixed model of press rates on the reinforced lever by group (exp v. control) by session and random intercepts (Eq.1; the addition of random slopes resulted in failed convergence of the model and was thus removed from the final model) revealed no significant main effect of group (Fig. 2A; ppm; CI: -16. SE: 5.80; p = 0.454) . Regardless of group, press rates did not differ over sessions (est: -0.15 ppm; CI: -0.85-0.45; SE: 0.32; p = 0.632). Groups did not differ over sessions (est: 0.41 ppm; CI: -0.48-1.31; SE: 0.457; p = 0.375).
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Q2. Is CS-(partially reinforced; exp) different from CS-(never reinforced; control)?
Animals pressed more toward a partially reinforced CS (group exp) than animals who received a never reinforced CS (group control; Fig. 2B 
Q4. Is CS+ vs. CS-(cont)?
Control animals were able to discriminate between the fully reinforced CS+ and never reinforced CS-. A linear mixed model of press rates by lever type and session with random effects of slope and rat (Eq. 4) revealed a significant main effect of lever type ( Fig. 2D; 
Extinction
Q1. Is CS+ (exp) different from CS+ (control) in extinction?
Both groups decreased pressing on the fully reinforced CS+ over the four days of extinction. A linear mixed model of press rates by session and group with random effects of slope and rat (Eq. 6) revealed a significant main effect of session ( Fig. 3A; 
Q3. Is CS+ vs. CS-(exp) in extinction?
Both the CS+ and CS-levers extinguish at the same rate for the experimental animals. A linear mixed model of press rates by lever type and session with random effects of slope and rat (Eq. 4) revealed a significant main effect of session ( Fig. 3C; 
Q4. Is CS+ vs. CS-(cont) in extinction?
The control animals display an extinction curve for the CS+ that decreases over sessions while maintaining a near zero press rate towards the CS-. A linear mixed model of press rates by lever type and session with random effects of slope and rat (Eq. 4) revealed a main effect of lever type, with greater overall pressing towards the CS+ ( Fig. 3D ; est: 18.3 ppm; CI: 13.9-22.6; SE: 2.34; p < 0.001). Pressing towards the CS+ decreased over extinction sessions as seen in a significant interaction of lever type by session (est: -4.47 ppm; CI: -6.07-(-2.78); SE: 0.85; p < 0.001) however, the main effect of session was not significant (est: -0.18 ppm; CI: -1.65-1.45; SE: 0.761; p = 0.819).
Experiment 2: Long CS Training
Only 7 animals are reported, one animal displayed highly aggressive behavior on day 9 of training and was not run for the remainder of the experiment. Data reflects the absence of this animal. Further, an oversight led to animals trained on a standard (10s CS+, 10s CS-program) on day 1 of training. This day was removed from graphing and analysis (such that there are 11 days of training data displayed and analyzed).
Q1. Can animals discriminate between long CS+ vs. CS-levers ? Within animals comparisons of
CS+ to CS-demonstrated the animal's ability to discriminate between rewarded and non-rewarded long cues. A linear mixed model (Eq. 4) showed a significant main effect of lever type with the rewarded lever having greater lever pressing on average than the non-rewarded lever overall ( Fig. 4A ; est: 42.8 ppm; CI: 29.6-58.2; SE: 7.43; p < 0.001). Overall, press rates did not differ over sessions as indicated by a non-significant main effect of session (est: 0.31 ppm; CI: -0.80-1.27; SE: 0.55; p = 0.570). Preferences for the CS+ lever developed quickly and maintained as indicated by a non-significant lever type by session interaction (est: -0.88 ppm; CI:
-3.14-1.12; SE: 1.10; p = 0.421). 
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Q1. Compare extinction of a short lever (10s -group control) versus long lever (first 10s of 20s
lever -Long CS Group). Comparing rates of extinction on the CS+ between animals who received only CS+ lever extinction (Group Long CS) versus animals who received both levers in extinction (Group Control) revealed that groups do not differ in press rates during the 10 seconds of lever availability in extinction. A linear mixed model analyzing presses during the first 10 seconds of lever availability by group and day with random effects of slope and rat (Eq. 8) of training? Rats did not reacquire to the same level of pressing as seen on the last day of testing.
Overall both groups pressed fewer times in the reacquisition test than in testing. Across both sessions, the last 10 seconds of the lever presentation has fewer presses than the first 10 seconds of the cue (i.e. a bias for the first 10 seconds of the cue), this was especially true during the reacquisition test. Further, there is an interaction of the difference between first and last bins by group and day, as well as group by bin. To elaborate, the difference between the first and last bins for control animals on day 12 is greater than the difference on reacquisition day and the opposite is true for the experimental group. A linear mixed model of presses by group by day by bin with random effects of slope and rat (Eq. 9) showed a significant difference of day ( 
Q2. Do groups differ in CS-presses?
The backwards CS+ group and the forwards CS+ group did not differ in their rates of pressing towards a CS-. A linear mixed model of press rate on the CS-by group by session with random effects of slope and rat (Eq. 6) identified a non-significant main effect of group ( 
Q3. Does backward CS+ differ from CS-in the experimental group?
Animals in the backwards condition were not able to discriminate between the backwards CS+ and the CS-. A linear mixed model of press rates by lever type and session with random effects of slope and rat (Eq. 4) revealed a non-significant main effect of lever type ( Fig. 6C; 
Q4. Does CS+ differ from CS-in control group?
Animals in the forward condition were able to discriminate between the CS+ and CS-. A linear mixed model of press rates by lever type and session with random effects of slope and rat (Eq. 4) identified a significant main effect of lever type ( Fig. 6D; 
Q5. Do groups differ in overall magazine entries?
The backwards CS+ group displayed greater overall magazine entries than the forward CS+ group. A linear mixed model of magazine entry rates (mpm; total magazine entries over the session divided by session time (avg. 60 min)) by group and session by random effects of slope and rat (Eq. 5) revealed a significant main effect of group ( Fig. 6E; 
Reversal and Reversal Test -Lever Responding
Q1. Does Group Forward differ from Group Backward in press rates toward CS+? Group
Backward displayed greater pressing towards their now forward CS+ than Group Forward toward their now backward CS+ in the reversal period. A linear mixed model of press rates by group and session with random effects of slope and rat (Eq. 1) showed a main effect of group 
Q2. Does Group Forward differ from Group Backward in press rates toward CS-? Group
Backward and Group Forward did not differ in their press rates toward the CS never paired in any capacity with reward (the CS-) in the reversal period. A linear mixed model of press rates by group by session with random effects of slope and rat (Eq. 2) showed no significant difference between groups ( Fig. 7B; showed a non-significant main effect of lever type ( Fig. 7A,B 
Q4. Can Group Backward discriminate between CS+ and CS-? Group Backward was unable to
discriminate between the now forward CS+ and CS-cues in the reversal program. A linear mixed model of press rates by lever type by session with random effects of slope and rat (Eq. 4) revealed a non-significant difference between the CS+ and CS-levers ( 
Reversal Test -Lever Responding
Q5. Do rates in fwd group differ in CS+ and CS-on test day?
Forward Group animals were able to discriminate between the CS+ and CS-on the reversal test day. A paired t-test of presses on test day by lever type in the forward group revealed a significant difference in lever presses with greater pressing toward the CS+ on the reversal day (t(39) = -9.046; CI: -27.8-(-17.6); p < 0.001).
Q6. Do rates in bkwd group differ in CS+ and CS-on test day?
Backward Group animals were unable to discriminate between the CS+ and CS-on the reversal test day. A paired t-test of presses on the test day by lever type in the backward group revealed a non-significant difference in lever presses (t(39) = -0.282; CI: -5.11-3.86; p = 0.780).
Reversal and Reversal Test -Magazine Entries
Q1. Does Group Forward differ from Group Backward in Magazine entry rates in Reversal period?
The Forward Group and the Backward Group did not differ in magazine entry rates during the reversal period. A linear mixed model of magazine entry rates by group and session with random effects of slope and rat (Eq. 5) showed no significant differences between groups ( 
Q2. Does Group Forward differ from Group Backward in Magazine entry rates in Reversal
Test?
The Forward Group and the Backward Group differed in magazine entry rates during the reversal test. An unpaired, Welch two sample t-test of magazine entries per minute by group showed significant differences in magazine entries by group (t(11.5) = -2.745; CI: -19.0-(-2.14); p = 0.018).
Discussion
Experiment one demonstrated that manipulation of the reward structure of one lever cue does not impact the responding towards a fully reinforced lever. Control and experimental animals pressed equally to the fully reinforced lever, even though group experimental pressed the partially reinforced lever more than group control pressed the never reinforced lever.
Additionally, group experimental did not display a preference for the fully reinforced lever over the partially reinforced lever and extinguished the two levers at the same rate.
These results do not align with prior findings that partial reinforcement of the conditioned stimulus results in more sign-tracking behavior while full reinforcement leads to more frequent goal-tracking behavior (Davey and Cleland, 2013) . Additionally, this experiment contradicts research that found that responding declined more slowly to the partially reinforced stimulus compared to the fully reinforced stimulus during extinction (Davey and Cleland, 2013) .
When animals were given 20sec CS+ and 20sec CS-levers in experiment two, they were able to discriminate between the two. Results also showed that animals had similar press rates in the first 10 seconds of the CS+ as they did during the last 10 seconds of the CS+. In previous studies where a sequential presentation of lever cues occurred, the lever presented furthest in time from the reward delivery acquired more lever responding than the lever temporally closer in time to the reward over sessions Smith 2018a, 2018b) . However, the results of experiment two suggest that this phenomenon may be unique to discrete lever presentations.
Both the Long CS group and the control group, which extinguished with a 10 second CS+, extinguished at similar rates. When both groups returned to the training paradigm in extinction testing, the two groups maintained low rates of responding. Responding increased in both groups when the training was rewarded once again, but responding was less than it had been on the final days of training. This experiment had limitations such as a low number of subjects (n=7), 11 days of training, and analysis of only lever deflections as a measure of responding, rather than including other conditioned responses such as sniffing, licking, and magazine behavior.
The results of the third backwards conditioning experiment showed that animals do not sign-track towards the backwards conditioned stimulus as they do toward the forwards conditioned stimulus. While animals in the forward CS+ group were able to discriminate between the forwards CS+ and CS-, animals in the backwards condition were not able to discriminate between the backwards CS+ and the CS-. The two groups also differed during training in that the backwards CS+ group displayed greater overall magazine entries. This may suggest that the backwards CS+ did not act as an inhibitor, signaling the start of the intertrial period, as mentioned in prior experiments (Chang, Blaisdell, & Miller, 2003 ) . Future research could alter this experiment to compound the backwards CS with a novel tone or light, to assess if the backwards CS had conditioned inhibitory properties.
When the groups in experiment three received a reversal to the reward structure they were given in training, Group Backward displayed greater pressing towards their now forward CS+ than Group Forward displayed toward their now backward CS+. The results also showed that neither group was able to discriminate between their new CS+ and the CS-during the reversal period or on the reversal test day. Unlike during training, the Group Forward and Group
Backward did not differ in magazine entry rates during the reversal period, but Group Backward did have more magazine entries on the reversal test day.
Together, these experiments provide evidence that manipulation of the reinforcement of a conditioned stimulus, presentation of a longer conditioned stimulus instead of two discrete conditioned stimuli, and reversal of the presentation sequence of the conditioned stimulus and the reward can alter sign-tracking behavior. 
